
USAARL REPORT NO. 85-8 

A CHOLINERGIC-SENSITIVE CHANNEL IN THE CAT 
IISUAL SYSTEM TUNE0 TO LOW SPATIAL FREQUENCIES 

(Reprint) 

.I 

BY 

T.H. Harding 

R.W. Wiley 

. 

A.W. Ktrby 

Sensory Neuroscience8 Group 

SENSORY RESEARCH DIVISION 

September 1985. 

Approved for public release, distribution unlimited. 



NOTICE 

QualiEied.Requesters 

Qualified requesters may obtain copies of this report from the Defense 
Technical Information Center (DTIC), Cameron Station, Alexandria, Virginia 
22314. Orders will be expedited if placed through the librarian or other 
person designated to request items from DTIC. 

Change o.f Address 
^. 

Organizations receiving reports from the US Army Aeromedical Research 
Laboratory on automatic mailing lists should confirm correct address when 
corresponding about laboratory reports. 

Disposition 

. . 

Destroy this report when it is no longer needed. Do not return it to the 
originator. 

Anim!al Use ___-- 

In conducting the research discussed in this report, the investigators 
adhered to the "Guide For Laboratory Axlima Facilities and Care," as 
promulgated ky the Committee on the Guide For Laboratory Animal Resources, 
National Academy of Sciences-National Research Council. 

Disclaimer 

The views, opinions, and/or findings contained in this report aie those of 
the authors and should not be construed as an official Department of the 
Army position, policy, or decision, unless so designated by other official 
documentation. Citation of trade names in this report does not constitute 
an official Department of the Army endorsement or approval of the use of such 
commercial items. 

Reviewed: Released for Publication: 

Review Committee 
Commanding 



UNCLASSIFIED 
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered) 

REPORT DOCUMENTATION PAGE READ INSTRUCTIONS 
BEFORE COMPLETING FORM 

REPORT NUMBER 2. GOVT ACCESSION NO. 3. RECIPIENT’S CATALOG NUMBER 

USAARL Renort No. 85-8 
1. TITLE (emd Subtttfe) 5. TYPE OF REPORT & PER100 COVERED 

A Cholinergic Sensitive Channel in the Cat Visual 
System Tuned to Low Spatial Frequencies 

6. PERFORMING ORG. REPORT NUMBER 

I. AUTHOR(s) 

T. H. Harding, R. W. Wiley, and A. W. Kirby 

8. CONTRACT OR GRANT NUMBER[a) 

I_ PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK 
AREA 8 WORK UNIT NUMBERS 

Sensory Research Division 
US Army Aeromedical Research Laboratory 
Fort Rucker, Alabama 36362-5000 

627348, 3M162734A875, 381 

1. CONTROLLING OFFICE NAME AND ADDRESS It. REPORT DATE 

US Army Medical Research & Development Command September 1985 
Fort Detrick 13. NUMBER OF PAGES 

Frederick, Maryland 21701-5012 4 
4. MONITORING AGENCY NAME B AODRESS(ff different from Controlling Office) 15. SECURITY CLASS. (of thta report) 

UNCLASSIFIED 

15s. DECLASSIFICATION/DOWNGRADING 
SCH EDULC 

6. DiSTRIBUTIObd STATEMENT (of this Report) 

Apprcved for public release; distributibh unlimited. 

7. DISTRIBUTION STATEMENT (of the abstract snfered In Block 20, tf different from Report) 

8. SUPPLEMENTARY NOTES 

This is a reprint of an article published in Science, 221(4615): 1076-1078, 
1983. 

3. KEY WORDS (Continue on TWBTB~ aide If necsssary wd tdenttfy by block number) 

Physostigmine 
Zarbamate 
visual Evoked Response 
Zat 

!e Back of Form 

DD I:;“73 1473 EDIT~OW OF 1 NOU 65 15 OBSOLETE 
UNCLASSIFIED 

SECURlTY CLAS5IFICATfOH OF THfS PAGE (IRTan Date Entered) 



SECURITY CLASSIFICATION OF THIS PAGE(Whm Dsfa Enterad) 

Visually evoked responses to counterphased gratings were recorded from the cat 

visual cortex before and after physostigmine administration. Physostigmine 

markedly reduced the responses to low spatial frequencies, but minimally affecte 

the response to high frequencies. This effect is considered cholinergic since 

it could be reversed by atropine. These results support at least a two-channel 

model of spatial frequency responsivity. 

UNCLASSIFIED 



9 September 1983, Volume 221, pp. 1076-1078 

. A Cholinergic-Sensitive Channel in ,the Cat Visual System Tumd 

to Low Spatial Frequencies . 

T. H. Harding, R. W. Wiley, and A. W. Kirby 

Copyright 0 3983 by the American Association for the Advancement of Science 



. 

A Cholinergic-Sensitive Channel in the Cat Visual System 

Tuned to Low Spatial Frequencies 

Abstract. Vistrally evoked reponses to c.outttL~tpllused ,gra~in~.s u’ew .rec.orded_frotn 
the cal visual cortex bef&re and afier physosrigtnitle ndt7litlistrariorr. Physos~i~tnine 
marked& reduced the r.osponses to low spatiai ” _~;‘carretlc.ics, hi!l niirtitnali~~ fljj+cica’ 
r&‘rcs>ot~sc to high freq.;:encie.s. This effect is cotrsidered cholitlergic. since il couid 
be reversed by &opine. These rest&s stcpporl at least a ruse-chrrnttel model of 
spa~ial,fj.eqt~ftu-T respotzsivii_v. 

The application of Fourier theory to gested that the human visual system con- 

the analysis of the visual system has tains channels that are sensitive to differ- 

revealed quantitative and systematic in- en: bscds of spatial frequency (2). Since 

formation about its dynamics and organi- then, numerous psychophysical U) and 

zation. Campbell and Robson (0 sug- single-unit e.lectrophysiological (4. S) es- 

Spatial 
frequency 

A B 

Before After 
physostigmine physostigmine 

0.25 cycleldeg 

1.50 cycleldeg 

---u-L 
Fig. I. Peristimulus histogram averages (120-second collection period with a I-msec sampling 
interval) for two spatial frequencies from a single experiment (cat 131. (4) Baseline VER’r. (BI 
VER’s after an injection of physostigmine (0.5 mglkg). (0 Recovery VER’s afrer injection of 
atropine sulph:tte (0.5 mgkg). The bottom row depicts the ?-Hz square-wave altern;\t.ion of the 
grating pattern. All response averages were collected with sine-U’ave gratings of O..N contrast 

I(L;., - L”,,,) + U,,, * IL,,;,). where L is luminance]. 

C 

Atropine 

1076 

periments have been conducted to eluci- 

date the existence and nature of the 

channels. 

According to the multichannel model. 

psychophysically obtained contrast sen- 

sitivity functions (6) are thought to rgpre- 
sent the sensitivity of more than one 

detection mechanism and not the output 

of a single detector channel. In support 

of this model, visual cortical cells have 

been shown to be tuned relatively nar- 

rowly to spatial frequency (5). Problems 

are encountered, however, in trying to 

extrapolate single-unit response charac- 

teristics to their role in visual perception. 

for perception presumably represents 

the combined activity of populations of 

cells. Stronger agreement is observed 

between psychophysical results and re- 

sults from experiments with visual 

evoked responses (VER’s). which repre- 

sent the-sum of massed neural events, 

For example, psychophysically obtained 

contrast sensitivity functions are posi- 

tively correlated with curves derived 

from VER measures (7). 

Cholinergic ir!fluenccs have been 

found ‘at varitius stages of processing 

within the primary visual pathway 18). 

Altering the normal choliilt;si.c activity 

at these stages and measuring a physio- 

logical response which is correlated with 

results from a,psychophysical detection 

task may provide clues to the types (37 

cells involved in the perceptual task. We 

wish to show that the carbamate physo- 

stigmine. which binds acetylcholinester- 

ase (AChE) and thus prevents the hy- 
drolysis of acetylcholine (ACh) at synap- 

tic sites. preferentially reduces the re- 

sponse to low spatial frequencies. We 

used the VER as a measure of responsiv- 

ity. 

Anesthesia was induced in adult cats 

by ventilation of 3 to 4 percent halothane 

in a 3 : 1 gas mixture of nitrous oxide and 

carbogen and maintained with I to 2 

percent halothane during surgical prepa- 

ration. Cannulas were inserted into the 

trachea. one of the femoral arteries. and 

the two saphenous veins. To reduce eye 

movements. the two sympathetic trunks 

were cut and the animal was paralyzed 

by an infusion o‘f Flaxedil (30 mg kg-’ 

hour-‘) in an isotonic glucose solution. 

End-tidal .COZ was maintained near 4 

percent by adjusting the stroke volume 

of the respirator. The cat was held in a 

stereotaxic headholder. and core tem- 

perature was maintained at 37°C. During 

the experiment. halothane was removed 

from the gas mixture. Heart rare. blood 

pressure. lung resistance. and electroen- 

cephalogram (EEG! were continuousI!, 

monitored. Arterial blood gas and cholin- 



esterase concentrations (?j were mea- typically, to within baseline variation. The nonuniformity of the VER reduction 
sured periodically. Figure 2A shows the results of a com- supports the hypothesis that spatial re- 

Atropine and Neo-Synephrine were plete experiment in one cat. Physostig- sponsivity in the cat visual system is 
instilled in the cat’s eyes to dilate the mine administration led to significani re- mediated by two or more detector chan- 
pupils, retract the nicti.tating mem- ductions in response to low spatial fre- ne]s. 

branes, and relax accommodation. The quencies. Responses to the, two lowest The reduction in VER.could be due to 
eyes were fitted with contact lenses with spBtial frequencies were comPIetel$ secondary effects of AChE inactivation 
artificial pupils (diameter, 3 mm). The abolished. Pooled data from the four cats (for example, facilitated or inhibited re- 

right or left eye was focused with an presented with the same spatial frequen- lease of other neurotransmitters that me- 
appropriate lens on a cathode-ray tube ties demonstrate the contrasting re- diate the primary response). Since atro- 
(CRT) 12.7 cm in front of the cat’s eye. sponse decrement at low and high spatial pine reverses the VER depression (Fig. 

The other eye was occluded. frequencies (Fig. 2B). The effect was the 1). excessive cholinergic stimulation 
Sine-wave or square-wave luminance same whether sine-wave (Fig. 1) or within a pathway must mediate the ef- 

gratings subtending a visual angle of 50” square-wave (Fig. 2~ gratings were used. feet. 

by 42” were generated on the facepf the It is tempting to describe our results in 

CRT (10). The phases of grating patterns terms of a change in the response proper- 

were alternated in square-wave fashion 

[ 

A 
ties of a particular class or classes of 

at 2 Hz. Care was taken to ensure that cells that function in a dectector-re- 

the 82-cd/m’ mean luminance did not. sponse channel, either in the cortex or 

change during phase alternation. 4 subcortically. Kirby and Enroth-Cugell 

The VER’s were recorded with appro- m (13) have shown a pharmacological dis- 

priate filtering and differential amplifica- z tinction’ in the receptive field properties 

tion (x5000) from stainless steel bone i between the X and Y retinal ganglion 

screws over the visual (area 17) and m cells of the cat (14). Ikeda and Shear- 

parietal cortex. A computer averaged z down (15) have suggested that ACh $n- 

responses and controlled stimulus pre- 5 3 _ hances retinal Y cell responses while 

ser.Lation. Six spatial frequencies -.vere L simply altering the maintained discharge 
01 - 

presented quasirandomly. Frequencies 2 of X cells. In a histochemicai study of 

were presented for. IO seconds each and the cat lateral geniculate nucleus, Dean 

tbllowed by a, I+ccond equivalent lumi- 

L 

ri (11. (16) reported an abundance of 

nance exposure, This was continued un- AChE in layers A and Al where X cell 

til all frequencies elicited cumulative re- 
/ 

terminations are predominantly found. 
J 6 

sponse averages of 2 minutes. that is. o.i i .O 
Finally. Kemp PI <I! (!7) have reported 

twelve IO-second collection periods for preliminary data showing that 94 percent 

each frequency. Our response measure 

I 

B of the cortical cells studied responded to 

was the sum of the amplitudes of the first ACh. !..acking further information con- 
20 

five even Fozj*ler harmonics of the fun- cerning cholinergic influences on func- 

damental (2 Hz) less the sum of the first tional cell classes in the cat and cortical 

five odd harmonics (II). cell coatribu:ians to the VER. we cannot : 

Resuits were obtained from five cats. j 4o _ ascribe our results to a loss of a subcorti- 

Prior to physostigmine administration. ~ cat input or to changes in response prop- 

four to five repetitions of the response g erties of a cortical cell class. However. 

averages were collected with each of six - our results do provide evidence for the 

spatial frequencies to establish baseline. = 60 - 5 existence of at least two detector-re- 

During the I-second epoch. four primary -2 sponse channels located in the cat visual 

peaks are seen in the response average ; system and differentially sensitive to 

(Fig. IA). In agreement with earlier re- spatial frequency. Similarly. Snyder and 

suits (II). secondary peaks were often 80 - Shapley (II) showed that the monocular- 

present and were generally most pre- Iy deprived eye of kittens had cortical 

dominant at higher spatial frequencies. VER’s that were more depressed to low 

After intravenous administration of phy- spatial frequencies than the VER’s of the 

sostigmine. responses to low spatial fre- 100’ c 
0.1 1.0 

nondeprived eye. Although the selective 

quencies were often abolished (Fig. I B). Spatial frequency (cycleldeg) 
depression cau_sed by developmental ma- 

Responses to higher spatial frequencies Fig. 7. (A) Relative VER amplitudes for dif- 
nipulation was less pronounced than that 

were minimally affected, although altes; ferent spatial frequencies from cat 14. Filled reported here. consideration of the com- 

ations in response shape were often not- circles are baseline VER’s with mean of four bined results suggests that cholinergic 

ed (not shown). To be sure that the effect measures and 1 standard deviation. Open synapses failed to develop in the path- 
we observed was due to cholinergic ac- 

circles are relative VER amplitudes during the 
first J3.Z minutes afrer injection of physostig- 

way from the deprived eye to the cortex. 

tivity t/Z). we administered atropine sul- mine (0.8 m&g). (ES) Averaged data from cals 
. T. H. HARDING 

phate. Atropine. a muscarinic antago- 11. I?. 13. and 14 showing VER reduction for R. W. WILE1 

nist. compeles with ACh for postsynap- different spatial frequencies afier an injecrion A. W. KIRH~ 

tic cholinergic receptor sites. thus reduc- of physosligmine. All animals received doses .So~.to~ ~c~o,.(,sc,ic/rc,~,.~ Resct~r-ch 

ing the influence of an. abundance of 
of 0.5 mg/kg except cal 14. which received a 
dose of 0.X mglkg. In both (A) and (B) grating 

Gr-orcp. U.S. A/7,1? APr~or~lrdicYTl 

ACh. Responses after atropine adminis- alternation was 2 Hz. For all square-wave Rcseurch L~~lmxror~~. Pm! oficr 
[ration recovered markedI>. (Fig. I C). gratings. contrasl was held constant at 0.40. Bos 57:. Forr R~rckar. Al~~hmu .?6.162 
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